Introduction
The Drug and Poison Information Center (DPIC) was contacted to provide immediate information on the management of the possible range of chlorine inhalation injuries. A protocol was established (Figure 1 ), and all of the doctors were briefed on the guidelines for managing the casualties.
As the casualties arrived at the hospital, they were directed to the HDS and were asked to remove all of their personal belongings and clothes and place them into a labeled plastic bag. After decontamination was performed, the victims were dried and triaged before being assigned to the appropriate area of care. Each patient was given a triage packet and assigned a unique, pre-registered identification number. Later, this identification number was correlated with the patient's national registration identification number.
Only essential procedures such as chest x-rays, blood gas analysis, and electrocardiographs were performed.
The computerized electronic medical records were not able to facilitate medical documentation during this masscasualty incident due to security access problems. Most of the hospital ward doctors managing the exposed patients were not authorized to access the computer database. Hence, manual routines were used to document the patient's parameters, signs, symptoms, investigation orders, and progress. Later, the written records were scanned and uploaded to the computer system.
Oxygen was administered to the casualties who felt short of breath. Some of the symptomatic children subsequently were transferred to the children's hospital for further management.
Injuries
A total of 36 casualties, 1-62 years of age (18 males and 18 females), arrived in the ED over a 90-minute period; one person arrived six hours after the event on her own. Eighteen of the patients were children (<16 years of age). Most of them complained of upper-respiratory tract symptoms, such as coughing and throat irritation. The characteristics of the study population and the incidences of acute symptoms are listed in Tables 1 and 2 .
Seven patients (19.4%) were wheezing and were treated with nebulized salbutamol. Of these, three had a history of chronic respiratory illnesses, such as bronchitis and asthma. Only one of these three patients was admitted, as the rest experienced immediate relief after nebulized salbutamol treatment. Chest x-rays were performed on all of the a period of 90 minutes, which strained the available resources during the usual peak hours of the ED census (noon hour). The hospital's hazardous material (HAZMAT) disaster plan was activated, and the ED was re-organized quickly in order to deal with the sudden patient surge.
Emergency Department Organization
The HAZMAT disaster plan was activated because the incident involved chemicals that were unspecified. This involved deploying the self-contained decontamination facility, also known as the Hospital Decontamination Station (HDS), located just outside of the ED. Emergency department staff, after donning Level-C protective gear, were engaged to decontaminate the casualties arriving from the scene. Security was alerted and the entrances to the ED were secured. Contaminated patients were directed through the HDS before entering the ED.
The hospital also activated "Plan 20". This included notifying key personnel such as the ED Manager, the Admissions Officer, the Nursing Director, the Bed Management Unit, telephone operators, and radiographers. The Department utilized its existing staff from the morning shift and called standby staff and the afternoon shift staff. The augmentation by additional personnel was achieved by calling in medical officers from the hospital's medical and surgical departments upon arrival. The doctors from the morning shift were specifically tasked to continue managing the usual ED caseloads. The recalled emergency doctors assumed the task of managing the exposed patients. The Nursing Manager monitored the staffing and logistical requirements for the incident management. Logistics included medical supplies, as well as food, water, and clothing for staff and patients.
Meanwhile, the ED was re-organized to triage, treat, and evacuate the victims, as well as to manage its existing patients. The resuscitation room and adjacent critical care area of the ED were prepared to receive seriously ill patients (Priority-1). The nearby Emergency Observation Ward was utilized to manage casualties who needed to be seen urgently, but were not in danger of imminent collapse (Priority-2). way obstruction. Lower airway manifestations may include coughing, breathlessness, and chest pain. Pulmonary edema and death may occur. 9 Burns and corneal abrasions have resulted from skin and eye exposures, so it is necessary to decontaminate the patients, which includes the removal of clothing. Various non-specific symptoms, such as headache and nausea, also may be present. 10 When there is a major incident that results in large numbers of casualties, it is important to implement a disaster plan. During an incident, mass-registration in a computer network made the workflow easier and faster. The use of cordless communication devices facilitated coordination among various key personnel and allowed for flexibility.
During a major incident, patient registration should not delay treatment. It can be expedited by initial mass-registration at the point of triage or during transport to the hospital. 11 The DPIC must be informed at an early stage so that adequate information can be provided to the hospital staff and general public. During this incident, the public made many telephone inquiries.
Treating acute chlorine gas exposure includes removing the patients from the source. Eye and skin exposure require copious cleansing with water. Bronchospasm may respond to standard bronchodilating agents such as salbutamol. 2 Treatment primarily is supportive, as there is no antidote available. 12 Corticosteroids have been administered to a few patients, but their role and efficacy is not clear. 13, 14 Treatment with nebulized sodium bicarbonate is based on the assumption that clinical benefit may occur upon the neutralization of the acids formed during chlorine metabolism. 15 However, the few studies that support its effecpatients, except for a pregnant woman and a three-year-old whose parent refused to give consent for the procedure. All of the chest x-rays were normal. Four adult patients required admission to an intermediate care facility. Four children were treated, observed, and subsequently sent to Kandang Kerbau Women and Children's hospital for admission. The remaining patients (77.8%) were discharged with advice, symptomatic medication, and a follow-up appointment scheduled in two or three days. All the discharged patients reported that their symptoms had resolved or improved.
All eight patients who were admitted improved and were discharged after one day. One patient was re-admitted two days after being discharged, as she still was feeling weak and breathless. She had no co-morbidities. She was discharged a day after her re-admission. Subsequently, she was diagnosed with chronic rhinitis. No patients developed pulmonary edema or respiratory insufficiency that required ventilatory support.
Seven adults (38.9%) presented to the review clinic with persistent symptoms 3-5 days later. They were treated symptomatically and reviewed again after two weeks. Of these, three patients with persistent upper-respiratory symptoms had a spirometry performed. All were normal. The longest follow-up was scheduled for six weeks after the incident, but the patient declined further follow-up.
Discussion
Depending on the exposure, toxic manifestation of chlorine gas may occur within seconds of exposure. 9 Upper-airway symptoms may include irritation of the eyes, nose, and throat. Stridor and upper-airway swelling may lead to air- tiveness are unconvincing, since they lack controls and patients involved were not critically ill. 2 However, bicarbonate treatment does not adversely affect recovery. 9, 15, 16 An Observation Ward located within the ED is practical for short-term care and observation before discharging or admitting patients. 11 An observation period of eight hours was chosen because in mild to moderate acute exposures to chlorine gas, the immediate effects manifest as an obstructive airway pattern with hypoxemia, usually within the first few hours after exposure. 2 In the absence of intervening complications, any adverse effects of chlorine inhalation lung injury should resolve within three to five days. 12 Sufficient chairs should have been provided to ambulatory patients who did not require a bed, as this would have consumed less space. Adequate clothes, food, and drink should have been provided to the staff and patients involved, as many patients arrived wearing their swimming gear.
Children were sent to Kandang Kerbau Women and Children's Hospital after an initial assessment at Singapore General Hospital. Time and resources may have been saved if the children had been diverted immediately to the children's hospital from the HAZMAT site, if their parents were not affected. Wherever possible, family members should be admitted to the same hospital. For example, there was a case in which two siblings were admitted to the children's hospital and the mother was admitted to Singapore General Hospital. It was fortunate that the father was not affected and could tend to the young children. Exceptions can be made on a case-to-case basis.
Despite the fact that chlorine gas has the potential to cause significant morbidity and mortality, there were relatively few complications after the exposure. This is not unusual. 17 Because its odor threshold is below the toxic level, the pungent odor tends to provide adequate warning of the presence of chlorine. 12 Most studies have shown that pulmonary deficits after acute exposure to chlorine tend to disappear after a few weeks. 3, 4, 8 Limitations It was impossible to obtain information about the concentration of chlorine gas, which may have affected the patients in various degrees. Since it was gathered retrospectively, some data, such as whether the patients were smokers, were not documented.
The limited number of patients and short duration of follow-up precludes any firm conclusions as to whether there were long-term effects such as asthmatic reactions, bronchial hyper-responsiveness, or reduced lung function among the patients. 6, 7 There also were too few patients with a history of chronic lung disease or atopy to correlate with the effects of chlorine, such as an exaggerated pulmonary response. 18 
Conclusions
Efforts should be made to reinforce the proper use of chemicals and to encourage the education of personnel about the hazards of mixing chemicals. A disaster plan should be in place and activated early so that the hospital and the personnel involved can be prepared to mobilize as the situation requires. To facilitate the surge in patient load, the ED must reorganize and be able to augment its staff and premises quickly.
